Inhalable liposomes of low molecular weight heparin for the treatment of venous thromboembolism.
This study tests the feasibility of inhalable pegylated liposomal formulations of low molecular weight heparin (LMWH) for treatment of two clinical manifestations of vascular thromboembolism: deep vein thrombosis (DVT) and pulmonary embolism (PE). Conventional distearoyl-sn-glycero-3-phosphoethanolamine (DSPE) and long-circulating pegylated (DSPE-PEG-2000 and DSPE-PEG-5000) liposomes were prepared by hydration method. Formulations were evaluated for particle size, entrapment efficiency, stability, pulmonary absorption, anticoagulant, and thrombolytic effects in rats. Pulmonary absorption was monitored by measuring plasma antifactor Xa activity; anticoagulant and thrombolytic effects were studied by measuring reduction in thrombus weight and amount of dissolved radioactive clot in the blood, respectively. Pegylated liposomal were smaller and showed greater drug entrapment efficiency than conventional liposomes. All formulations produced an increase in pulmonary absorption and circulation time of LMWH upon first dosing. Three repeated dosings of conventional liposomes resulted in decreased half-life and bioavailability; no changes in these parameters were observed with pegylated liposomes. PEG-2000 liposomes were effective in reducing thrombus weight when administered every 48 h over 8 days. In terms of thrombolytic effects and dosing frequency, PEG-2000 liposomes administered via the pulmonary route at a dose of 100 U/kg were as effective as 50 U/kg LMWH administered subcutaneously. This paper suggests that inhalable pegylated liposomes of LMWH could be a potential noninvasive approach for DVT and PE treatment.